Approved For Release 2009/07/21 : CIA-RDP80T00246A008000360002-2

25X1

0‘0

<

Next 1 Page(s) In Document Denied

Q"q’z

Approved For Release 2009/07/21 : CIA-RDP80T00246A008000360002-2



n A R L e s mmeanes AN . B . s
pproved For Release 2009/07/21 : CIA-RDP80T00246A008000360002
-2

- ¢ *
* .
&
B ARA L ANS INVESTTGATION e -
__FREiARA. ,,m:,.'...i‘i.,..ﬁl..',\'_g-? R lIoN e la Tn LTl
"‘4 R s nilia g —
13 L.
¥ 1ADDELEYITE — CORUNDYM ELECTROFUSEL REVRACTORIE AN Ao
prof. M. V. 5olomin, loc. Tech. §64., BOG N. M. Geldina

(All-Union Glass Rescarch Ipstizute)

furnaces and the niiu-
aalivy of the product,
¢ for thosue parit of

suvput of glass tank
r to improve the q
j{gtance 8are require

he increased

he a reeult of t
es used in arde

melt iny tWMperatur

e
vefractaries of higher corrosion-res
‘e LDk .ot 8re most subjecn to attack.
'queed z{rcon-mulilte Tre=

5 the manufacture of electr
ment in 136 quality mhe
L.t the tact

{n ap. increese in

Lnat this refrnc-

ga resistant Lo
1m£v,x'qvem0nt of

Tavest igntiong in”
reoited

.5 corrasion
IRER <han COF OF
tne action 0Y melts than Zriz and Alalg =

v stubility.

{in an improve
{n <1863 TUrLA<Ls,
i, — 8 supsLance tiatb 1 le

limits Lne furuner

qoLory eV
y § reslstinnce
sonta ing more

33¢ of ZrQz and
tmported
alatsnt to glass,
continultles in
r.opidiyd .

weas Snatitute has
zir;ouia-alunixm

11 Franct andg the .5, U fusedl refraciary contalning
. more tlan 129 of . 1v2 has recently beeil put 1uto munufaciure,
¢! roontaxp e being used. Tris refractary {s nighly re
nat iu has o€ j1sacvantege that, a8 8 result of maricd dls

the glasg furnace m.st not bve veated up
{eg laburutory of the G
nn Lhe rreparation ol
slass Trom pative rov anteriais”

he system ALl —5102
dingoam shown in

< ~mal expansion,
vy somr yoars the Refracior
teen carryibe St 1nvestﬂgations
refractorice of high resistance Lo
reiractories in t
{nii{zated on the ternary
Fig. L. he diagram that in these retrectories the
_concern-rations of tbe components veried over %ne following rauges (3):
510, 0.4= 13. In further experi-

AlgCq b5, 7- 3. 45 Zr02 8.2 - H54.5;
mental fusicns the 5104 content sometimes attained 15%.
vere generally compounded from technical

rate cf lov iroo content. For the preperation
of e;;vrimcntﬂl ry, the mixtures vere briguetted. The
fusions vere sarried out in graphlite crucibles in an elactric resistance
rqrna e derigned DY the authors. 1IB tbis furnace temperstures of up Lo
£000° could be attained, and +ue heating and coo.lng schedules could be

accurately cogtrollec.

The compositions of the
which we studied in 1951-57 are
) 1t will be seed from U

The mixtures ~aken for fusion
atumina end 2trconia concent
nelts in the lavorato

U ,
TR Taven lou, verre €t refractaire, No. 1, 190.
M. P.Golubevy ook part in the laboretor ipvestigations.

S E. AL Mabveewn and

A
pproved For Release 2009/07/21 : CIA-RDP80T00246A008000360002
-2




Approved For Release 2009/07/21 : CIA-RDP80T00246A008000360002-2

Experiment shawed that the optimum fusion temperature was generally in
the range 2100-2250°. Such temperatures are readily attained in large-
scale industrial electric furnaces.

In all, more than seventy fusions were carried out in the laboratory.
After each fusion the melt was cooled down slowly {n the furnace, the rate
of cooling beinyg controlled (with the ald ot & brush autotransformer) 80
that the conditions under which the crystallization of the melt occurred
wvould be similar to manufacturing conditions.

The crystallization products were investigated and tested in various
vays. The tollowing were determined: chemical composition (by & method
developed under the direction of 0. V. Krasnovsky in the chemical labore-
tory of the Institute), microstructure, phase composition, bulk density,
true density, apparent porosity, true porosity, coefficient of expansion,
deformation under load at high temperatures, resistance to corrosion by
glass of the usual composition, stability to caustic alkali, and stability
to sodium carbonate.

Petrographic investigations showed that, in fused refractories in the
f1eld ot compositions studied, the main crystalline phases are corundum
(a-Alz05) and baddeleyite (2r0z). Refractories of this type, therefore,
may be termed baddeleyite-corundum refractories - or ‘bacor'', for short.
In some of the microscopic sections, mullite and glass were also detected,
though in smaller amount,

A peculiarity of fucsed refractories containing an appreciable amount
of zirconia is the occurrence of anomalous points on the thermal expansion
curve, the presence of which leads to some reduction in the thermal dura-
bility of the rerractory. Most of the dilatometric curves of the labora-
tory samples stowed two anoma lous points.

One of these was the ususl snomaly in the range 1100-1200°, which
appears 88 8 result of the rapld conversion of monoclinic ZrCpz into the
tetragonal form during heating and the reverse change during cooling, the
change in volume belng abou” 7%. The extent of this anomaly was {ound to
be directly proportional to the zirconia content, and it is small for pro-
ducts containing less that 20% of Zr0..

The second anomaly generally occurred {n the range 9560-700°. Prelimi-
nary experiments snowed that this enomaly was associated with the presence
of an appreciable amount of reduction products in the laboratory samples.

For samples prepared under lsboratory conditions the temperature atv
which softening began under a load of 2 kg/sq.cm was 1in the range 1620-
1810°. 1In perticular, bacor No. 15 began to soften at 1710°. The be-
ginning of goftening was followed closely by melting. The samples were
57 high mechanical strength, the compressive strength of bacor No.5, for
eximple, bellLg atout 5000 kg/sq.cm.

1r their reslstance to glass melts, the cxperimental samples were tfound
to be brtter than electrofused zircon-mullite and thermite-corundunm.

From the formulations that 41d not reguire the addition of artificial
2., bacor No. 15 was selected for large-scale trials on account of {ts
£ ll-round propertics.  on the vasis of this formulation, two experimenta’
bat cnes of bacor blocks were prepared in 155 with the aid of workers of
..~ Trevan Mullite Works, including the chiel engineer, M. B. Sulkhenov,
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the director of the laboratory, S. 0 W 20 XU W0 S0 60 70 500 %0 X000 N0G 17
7. Rustambekov, and one of the fore- temperature, °C
men, V. M. Srmoyan. In one batch of Fig. 2. Thermal expansion oi
blocks, measuring 600 X 400 X 250 mm, bacor (first trial batch)

there wvere many failures due to cracke

1iag (the dlatomite was not technically

satisfactory). A 100 ¢ yleld of satisfactory blocks measuring 600 X 300 X
X 250 mm was obtained from mixture No. k.

Details of the chemical compositions, bulk densitles, and apparent
porosities of the bacor blocks are glven in Table 1, The thermal expansion
curve for the refractory is shown in Fig., 2, from which it can be seen that,
unlike the laboratory bacor, the bacor prepared on the large scale gives a
smooth curve. In the temperature range 20-1100°, the mean coefficient of
linear expansion is 76°10°7, {,e.almost the same as that of electrofused
mullite and zircon-mullite,

Figures 3-6 show photomicrographs of samples taken from bacor blocks
(we carried out the petrogrephic investigations under the direction of V.
Y. Lapin, Doc. Mineralogical and Geological Sci.). The samples taken for
petrographic investigation were taken from the working face and from the
center of the block. The photomicrographs show that bacor contains an
sppreciable amount of dendrite formetions composed of baddeleyite crystals
(Zr02). No natural minerals could be detected in the sections.

The following refractories were selected for submission to comparative
measurements of resistance to glass:t the first large-scale trial batch of
bacor, prepared in 1953; improved zircon-mullite, block No. 2403, made on
the works in 1352; improved zircon-mullite, of low iron'content, block No.
7076, made in 1953 under manufacturing conditions.

In tests on the resistance of the fused refractories to glass, test
samples were taken at a distance of 100 mm below the working face of the
block so as to obtain more reliable results.

The chemical campositions of the refractories tested are given together
vith some of their properties in Table 1.

In the tests on resistance to glass, a glass melt of the following com-
position vas used (%): S10,—73,00; 803—0,55;A1203~0,37; Fep0,—0,06;

‘ 5
Approved For Release 2009/07/21 : CIA-RDP80T00246A008000360002-2



i,

N art ol tted 4. Microstructure of bacor
working part ol block. (Trsnsmi Fig. 4. ¥
11 .ht; ma_ nification 903 pnrnllel from working part of bIOCk.(Rgﬁ
nl;olt,s.) flected lightj magnification QOOj

, Microstructure of bacor from

Approved For Release 2009/07/21 : CIA-RDP80T00246A008000360002-2  *

parallel nicols.)

. Microstructure: 04 bacor Fig. 6. dicrus :nelure of bacor

i, i ] g
.rom i n.or ot blOCK. (Tran.mitted from center ot OLQCK- Re‘ lec ted
li.t.; ma_niiication 90; parallel light; magnification 165; pera-
nicols.) 1lel nicols.)

- R oA )
e £ ,h.

Approved For Release 2009/07/21 : CIA-RDP80T00246A008000360002-2




10.2
7.6
0.5
1.3

10.8

(%)

Apparent

TABLE 1

1 s
Density] porosity

S10 | Ti0p| Zrop {Al20s {Fes05 | Mg0 | Ca0 Nazc%-'l‘otalj (g/cc)
5.09

3.23
3.23
3.00
2.68

100.28
100.56

1.01] 0.18 {100.57

1.22
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.56 P-aces 0.20 {0.691 0.1€ {100.71

0.6

89] 0

66.90} 0.92|1.68 |1.60 |1.38

COMPOSITION ($ by veight)

.98169

9%5.9

T105+A109

69]0.54] 6

3.5

14.42 1 0.32]15.20}66.97] 0.63 | 0.33 [0.85 |1.1%] 0.14 }100.0
15.05 ] 0.41[22.57160.54 | 0.43 | 0.2k [0.31 |0.73
23.00] 1.34] 5.50]66.44] 1.88

27.43510.71

21

7076
Improved zircon-

REFRACTORY

Bacor; first trial

batch, 1953
Improved experimen-

tal zircon-mullite
of low iron comntent

Bacor; third trial

batch
High-alumina cere-
mic block

Ceramic corundum

aullite; block Ko.
refractory

block No
2403

Cu0~G.47; MgO—~3.i; layO—
16.55. Three crucibles were
placed simultancously in a
furnnce, and each ol thesge
cruclbles contained two

like test semples oI cuch

of Lwo different relr.cto-
ies.

The results of those
tests are given in Tt ic 2,
in which each figure is .he
mean o' Lwo determiied vonlues.

The bacor produced on
the large scale was tound to
be less resisiunt to :lass
than the luborutory hucor,
bul Table 2 shows Lhat tie
first experimental batch
of bacor, which w:s pre-
pared under munutecturing
conditions, suffers con-
siderably less corrosion
by melted glass (both at
the glass surface, and also
below the gurface) than im-
proved electrofused zircon-
mullite,

A batch of eleven bacor
blocks was tested under normal
cunditions of use, for which
purpose they were incorporated
in the maximum-temperature zune
of the melting section of the
tank of a glass tank furnace
at the Pioneer Glass Works,
Misheron. This trial showed
that bacor 1s @ more resistant
refractury then electrofused
2ircon-mullite.

With our assistance, a
third batch of 145 bacor blocks
was manufactured in 1954 at the
State Mullite Works, Erevan,
and for testing purposes these
blocks were built into the
walls of the tank of a glass
furnace at the Stalin Qlass
Works in Gomel., The chemical
composition of a sample of ba-
cor from this batch is aiven
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TABLE 2 TABLE 3
Rate of corrosion Rate of corrosion
mm in 24 hr,) - (mm in 24 hr, )
Refractory ﬂ at 35 mn |at the Refractory 8t 35 mn | at the
o from the |surface from the | surface
i upper end{of thn urper end | of the
© of sample glasgs. of sample glass
Bacor: first Bacor; thirg
0.36 0.38
trial batcy 1 0.45 1.91 batch 0.5 045
Improved zir- High-alumina
con-mullitgﬁ vitreous cera-
block No. 2 031 1.28 3.19 mic block 0.56 1.24
Bacor, firgt Ceramic coryn- 0.38 0.62
trial batch 2 0.52 1.70 dum refractory
Improved zir-
con-mullite of
low 1ron con-
tent; block N01
7076 24 0.64 1.84

in Table 1. The bulk density of the blocks was 2.91-3, 3o g/cc. The density
of the bacor wag 3.7 g/cc.

surface of the block were compared with a high-alumina vitreous ceramic block
and a ceramic Corundum refractory 1 for resistance to glass, The chemical
Compositions, bulk deneities, 8nd porosities of these refractories are gliven
in Teble 1, and the results of the comparative teat for resistance to &lass
&re given in Table 3 (each figure i{n Tabple 5 18 the mean for two samples),

The resultg presented in Tables » and 3 show that bacor hag g higher
stability to glass than other refractortes used for bullding the tanks of
glase furnaces.

1p. s. Rutman, p, N, Poluboyarinov, and L. v, Vinogradov, Refractories, No. 4
1954,
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